development of the central nervous system (35). Although colloid cysts are benign tumors, they may continue to enlarge to occlude the foramen of Monro and are known to lead to sudden death (9, 21, 39) .
The conventional transcortical approach has been reported to result in high seizure rates due to parenchymal injury (8, 12, 13) . The transcallosal approach may not lead to seizures, but the risks of both venous infarction and interhemispheric disconnection syndrome are significant (19, 33, 43) . To counter these problems, less invasive transcortical approaches were developed to reduce neuronal damage in the frontal lobe. Cortical incision and parenchymal dissection were minimized by the use of stereotactically guided cylindrical retractor (4, 6, 25) . Cortical injury was further reduced by the introduction of the neuroendoscope (14, 18, 21, 22, 28, 30, 46) .
We present a retrospective review of our transcortically operated cases of colloid cyst and a review of the literature to see whether this progressive reduction in the size of the cortical incision and related parenchymal injury over the last 15 years was reflected in the clinical results of CC removal.
█ mATERIAl and mEThODS
The data of 41 patients, who were operated for CC between the years 1999 and 2015 at the Department of Neurosurgery Istanbul University, were retrospectively reviewed. Eleven patients underwent resection of CC by conventional microsurgical transventricular transforaminal approach (conventional approach), 21 patients with the microsurgical transventricular transforaminal approach via a stereotactically guided cylindrical retractor (minitubular approach), and nine patients with the endoscopic transfrontal approach (endoscopic approach). Age, sex, signs and symptoms on admission, duration of symptoms, computerized tomography (CT) and magnetic resonance imaging (MRI) details, maximal CC diameter measured in millimeters on MRI, need for ventriculostomy (preoperative or postoperative), the surgical approach, surgical complications, shunt dependency, follow-up period (in months), presence of residual cyst, and any recurrence were noted. Surgery was offered when a CC had a diameter greater than 10 mm or caused hydrocephalus, whether or not it was symptomatic. This study includes only those patients that underwent surgery. Current modified Rankin Score of patients were determined by clinical examination or telephone interviews (36) . Histopathological diagnosis of CC was available for all patients. Clinical results of the three surgical approaches were compared with each other, and with the results of our literature review.
Operative Technique
Surgical approach was selected according to surgeons' preference. Both conventional and minitubular approaches were performed via a frontal craniotomy placed just anterior to the coronal suture. Conventional approaches were performed freehand, without the use of neuronavigation. Minitubular approach, introduced independently by the senior author, is described in detail elsewhere (4) . Briefly, a cylindrical retractor 14 mm in diameter is placed in the instrument holder of the Leksell® stereotactic frame (Elekta AB, Stockholm, Sweden) and directed to the target, for which a point in the frontal horn just lateral to the foramen of Monro was chosen, and the cyst removed microsurgically through the retractor. The endoscopic approach was conducted via a standard neuroendoscope working with a single instrument technique having a 0° view angle with a 2.7 mm channel diameter and 185 mm working length (Richard Wolf GmbH®, Knittlingen, Germany). All endoscopic cases were performed in pure endoscopic fashion. In none of the cases was an endoscope-assisted approach used. The endoscopic approaches were performed through a single burrhole ( Figure 1A-C) . The maximal diameter of craniotomy was 6 cm for conventional and 4 cm for minitubular approaches. The length of cortical incisions were 20-30 mm in conventional, 10-14 mm in minitubular and 4-6 mm in endoscopic approaches (Figure 2A-C) . 
Statistical Analysis

Literature Review
Surgical series of colloid cysts with more than ten patients published between 1989 and 2015 were reviewed and series containing patients operated with conventional transfrontal microsurgical, microsurgical with stereotactically guided cylindrical retractor and transfrontal endoscopic approaches were included in this study. Patients operated via the transcallosal approach or series containing only nonhydrocephalic patients (45) were excluded. The data extracted from the reports included the surgical technique, total number of patients, age, sex, presence of hydrocephalus, cyst diameter, conversion to craniotomy, residual tumor, shunt dependency, intraventricular hemorrhage, infection, postoperative seizure, permanent neurological deficit, mortality and follow-up period. Seizure, permanent neurological deficit and completeness of resection rates were compared in the three surgical approach groups.
█ RESUlTS
Clinical Features
Ages ranged between 16 and 66 years (mean: 36.8). There were 18 female and 23 male patients. Headache was the most common presenting symptom. Other presenting symptoms of the patients are listed in Table I . Six patients that were comatose on admission underwent pre-operative external ventricular drainage, which was unable to reverse the fatal clinical course in only one (Patient 11) of these six patients. One patient (Patient 23) had been operated for shunt surgery elsewhere before being referred to our clinic for CC resection surgery. Clinical and radiological details of the patients are summarized in Table II . There was no statistically significant difference between the three different surgical approaches in terms of patient's age, sex and CC diameter (p>0.05). Detailed data are given in Table III .
Radiological Investigations
Preoperative CT or MRI examinations were available for all patients, and 39 patients had both ( Figure 3A-F) . One patient who was comatose on admission was operated without MRI. All patients had follow-up radiological studies; either CT or MRI or both. The mean CC diameter was 15.5 mm (range: 7-23 mm) for the entire cohort. Mean diameters for each different approach are given in Table III . All patients but one (Patient 37) had ventricular enlargement preoperatively. Patient 37, who was referred to us for the removal of a pituitary adenoma, underwent endoscopic removal of a concomitant CC diagnosed incidentally.
Complications
Intraventricular hemorrhage was encountered in two patients, one in conventionally and the other in endoscopically operated groups. In the latter patient, endoscopy was converted operated via endoscopy had undergone subtotal excision. The other two patients that developed meningitis were both operated via the conventional approach and both had undergone an external ventricular drainage insertion preoperatively. Postoperative shunt dependence was found to be statistically insignificant among surgical groups (p=0.152) whereas a correlation was found between meningitis and shunt dependence (p=0.008, V=0.414).
All patients that were operated for CC had been prescribed antiepileptic drugs (Phenytoin 2x150 mg/day or levatiracetam 2x500 mg/day, orally) for a period of 6 months in the postopto a conventional approach when the bleeding occurred intraoperatively ( Figure 4A -E).
Surgery was complicated by bacterial meningitis in six patients. Patients 4, 10 and 14 and were infected with coagulasenegative Staphylococcus, patient six with methicillin-resistant Staphylococcus aureus, patient 29 with Klebsiella, and patient 35 with Acinetobacter strains. There were no significant differences among surgical approaches in terms of postoperative meningitis (p=0.380).
In the postoperative period, three patients required insertion of ventriculoperitoneal shunts. erative period if seizure free. Three patients (7.3%) (Patient 3, 6 and 8), all of whom were operated via the conventional approach, had postoperative seizures in this series. Two of these were on phenytoin, the third on levatiracetam. After recognition of the seizure, their antiepileptic drug dosages had been increased and no further seizures that needed additional electroencephalography (EEG) investigation occurred. The conventional approach resulted in significantly higher rates of postoperative seizure compared to the minitubular and endoscopic approaches (p=0.012).
Two patients had postoperative residual cysts. These were patient 37 and 38, both of whom had been operated via the endoscope, and were discharged with no symptoms at all. No other residual cysts were determined in the entire cohort. The rate of residual cyst was significantly higher in the endoscopic neurological deficit compared to the two other approaches (p<0.05).
mortality
Only one patient (Patient 11) succumbed in this series. She was comatose with dilated pupils on admission. Brain CT showed dilated ventricles and diffuse cerebral edema due to a colloid cyst and signs of uncal herniation ( Figure 5 ). Despite an urgent operation following external ventricular drainage, she died.
approach compared to the conventional and minitubular approaches (p=0.024).
Permanent neurological deficits were encountered in three (7.3%) patients: patient 3, 4 and 10. These three patients, all of whom were operated via a conventional approach, remained hemiparetic. Hemiparesis was caused by venous infarction in two and intraventricular hemorrhage in the third patient.
In the present series, postoperative disconnection syndrome or memory deficit did not occur in any of the patients. The conventional approach led to significantly higher rates of found in 3% of patients in conventional, 2% in minitubular and 6% in endoscopic cases (Table III) For minitubular and endoscopic approaches, the clinical results of the present series are parallel to the literature review. However, the conventional approach in the present series had significantly higher rates of intraventricular hemorrhage (p=0.018), infection (p=0.035) and neurological deficit (p=0.04) than the literature review (Table III) .
When the three approaches in our literature review were compared, the seizure rate was significantly higher in the conventional approach than the minitubular and endoscopic approaches (p<0.001). In terms of residue, the endoscopic approach had significantly higher rates of residual cyst compared to conventional and minitubular approaches (p<0.001). No statistically significant difference was found between the three approaches regarding permanent neurological deficit (p=0.738).
Follow-up
Mean follow-up period was 102.8 months for conventional, 120.7 months for minitubular and 34.3 months for endoscopic approaches (Table III) . Six of 11 patients operated via the conventional approach, 21 of 21 patients operated via the minitubular approach, and 8 of 9 patients in the endoscopy group had modified Rankin Scale scores of 0.
Literature Review
The results of our literature review are presented in Table IV . The results of the comparison of the present series with our literature review of 602 patients are summarized in Table III . The mean ages were 35.6, 41.8, 42.1 years in the conventional, minitubular and endoscopic approaches, respectively. Hydrocephalus was present in 75% of conventional, 84% of minitubular and 80% of endoscopic cases. Residual tumor was detected in 2%, 3%, 28% of conventional, minitubular and endoscopic patients, respectively. The rates of postoperative seizure were 13% in conventional, 4% in minitubular and 0.5% in endoscopic cases. A neurological deficit was greater seizure rates for conventional approach compared to minitubular and endoscopic approaches can be attributed to longer cortical incision lengths. Furthermore, during the course of the conventional approach, retractor blades are used which may lead to cerebral infarction due to excessive force of retraction and accidental cutting of brain tissue (4). Furthermore, the retractor blade is generally used with a fixator that also increases the parenchymal damage due to continuous pulling force throughout the resection period. During the minitubular approach, there is no need for a fixator holding the lightweight cylindrical retractor since it stays suspended within the brain parenchyma immovably (4). The forces that create a parenchymal damage by retractor blade (conventional approach) versus cylindrical plastic retractor (minitubular approach) are different in magnitude. While the blade exerts disproportionate force in one direction, the cylindrical retractor distributes the forces equally over 360 degrees reducing the pressure considerably over unit area. The same argument is true for the endoscopic approach since the diameter of the endoscope (2.7 mm) is considerably smaller than the cylindrical retractor (14 mm) and no retractor blades are used.
The ideal treatment of CC must focus on total removal. A recent meta-analysis of 1278 CC patients (583 microsurgical, 695 endoscopic) showed that the microsurgical group has a higher gross total resection rate, lower recurrence rate and lower reoperation rate compared to endoscopic group (39) . In the present series, residual tumors were detected in three patients; two in the endoscopic and one in the conventional approach group. When residual tumor rates of the present series and our literature review are compared, the rates are 22% vs. 28% in the endoscopic, 0% vs. 3% in the minitubular and 0% vs. 2% in the conventional approach, respectively. As a result, the present series showed comparable results with the literature in that endoscopic approaches for the removal of CC have higher residual tumor rates compared to microsurgical approaches. In the present series, there were more favorable residual tumor ratios of 0/11 (0%) in the conventional and 0/21 (0%) in the minitubular approaches against 2/9 (22%) in endoscopic approach (p=0.024). The high rate of incomplete removal for endoscopic CC surgery is attributed to the anatomical location of the cyst, which is tucked up underneath the roof of the third ventricle and difficult to reach through a burrhole located near the coronal suture with a rigid endoscope. Studies on the use of novel approaches to overcome this anatomical difficulty, or with dual endoscopic instruments report higher rates of total removal compared to standard endoscopic methods (7, 22, 46) .
In the literature, most of the patients had symptoms of hydrocephalus on admission (39) . Our literature review showed that 80% of endoscopically operated, 84% of minitubular approach and 75% of conventionally operated patients were hydrocephalic. In the present series, ventricular enlargement was present in all of the 41 patients except one (97%). However with liberal use of cranial radiological examinations, especially MRI, more patients are being diagnosed with CC in the absence of hydrocephalus. Optimal management of patients with CC and normal ventricles is unclear (45) . Wait et al.
█ DISCUSSION
The anatomical location of CC makes its total excision difficult. The ideal surgical approach for the removal of CC is controversial (10) . Taking advantage of dilated ventricles caused by obstruction of the foramen of Monro, transcortical transventricular microsurgical approach was considered to be the best strategy for a long time, as this dilation of the ventricles facilitates surgical access. However, this approach required frontal cortex incisions and lobar dissections of considerable length (10, 13) . Postoperative CT examinations often showed extensive hypodensities related to parenchymal dissection and retraction. Such injuries, once considered an acceptable price in some cases, are now unacceptable (27) .
The interhemispheric transcallosal approach was therefore designed and proposed in order to avoid this cortical infringement, as the corpus callosum is the only structure that needs to be sectioned to access the ventricle and the CC (37, 44, 47) . Different types of memory impairment, motor coordination and attention deficits have been reported in up to 83% of patients with CC who were operated via the transcallosal approach (19, 33) . Another significant complication of this approach is venous infarction (43) . The transcallosal interforniceal route also resulted in high rates of forniceal injury (2, 29) .
Severe consequences of these approaches have led to the proposal of percutaneous techniques like stereotactic cyst aspiration without removal (10) . Unfortunately recurrences were encountered in the short term (26, 32) . The microsurgical approach via stereotactically guided minitubular retractors was developed to increase the precision of the approach, thereby minimizing the injury to the brain parenchyma (4, 6) . No prominent side effects and morbidities are reported (1, 4, 6, 8) .
Another development was achieved via the neuroendoscope as it enables a "simple" percutaneous procedure like aspiration but at the same time carries the potential of performing cyst resection. Difficulties encountered in the early years, such as blurring of the field or inability to grasp and remove the cysts, have been overcome by the accumulation of experience and the development of better instruments. Dual-instrument applications from a single working channel resulted in total excision rates of 82% (46) .
Cortical incisions may lead to epilepsy and the conventional transfrontal approach is known to result in high rates of seizures. Incisions up to 3 cm, and parenchymal dissections, which could be unduely extensive in the absence of guidance or navigation, resulted in seizure rates of up to 27% (13). Our literature review revealed an overall seizure rate of 13% for conventional surgery. The seizure rate in our 11 cases that underwent conventional surgery was 27% in which all the patients were seizure free after increasing doses of antiepileptic drugs. On the other hand, our seizure rates for minitubular or endoscopic resections were 0%. Our literature review showed seizure rates of 4% for minitubular approach and 0.5% for endoscopic series. This is highly significant: smaller incisions, less invasive approaches lead to significantly lower rates of seizure. Thus the rationale of reported that normal size ventricles are not a contraindication to endoscopic removal of CC (45) . On the other hand, many authors advocate a wait-and-see approach (15, 41) . In most patients, removal of the cyst leads to reduction in the ventricle size and resolution of hydrocephalus symptoms. In the present series, postoperative shunt dependency was independent of the type of surgical approach and this result was compatible with the literature (39).
Hemiparesis is a known but rare complication of CC surgery (38, 39, 43) . Sampath et al. reported postoperative hemiparesis in a patient whose craniotomy was unintentionally localized near the motor cortex. They also stated that the endoscopic approach with a far frontal trajectory is very unlikely to be associated with this type of morbidity (38) . This statement was true for the current series since none of the patients that were operated via endoscopic approach had hemiparesis postoperatively. Also, none of the patients who were operated via stereotactically guided minitubular approach had hemiparesis postoperatively. Two of our patients had permanent hemiparesis, both of whom had undergone a conventional approach that was statistically significant (p<0.05). On the other hand, in their meta-analysis Sheikh et al. reported that hemiparesis was independent of the surgery type. They stated that the overall rate of hemiparesis was 0.9% in endoscopic vs. 1.9% in the transcortical microscopic series which was statistically insignificant (39) .
The only mortality in this series was seen in the conventional approach group. Patient 11, who had been diagnosed with CC eight years ago and refused surgery, presented comatose and could not be saved despite urgent intervention. This mortality shows the potential fatality of CC and corroborates to the literature regarding the lethality of CC (34, 40) . Asymptomatic patients that were diagnosed with CC incidentally must be warned carefully against the possible forthcoming increased intracranial pressure (ICP) symptoms and fatality. In this series, more patients had presented with coma in the earlier years (Patient 12, 13, 14) , whereas in the later periods the cardinal symptom had become headache. This situation is attributable to the ease of access to radiological imaging techniques in the later years.
Patients in the minitubular approach group had the best results in terms of completeness of removal, seizure rates and neurological deficit rates in both the present series and the literature review. This approach, unlike the other two, was stereotactically guided.
A major shortcoming of this report is its inability to include into its comparison the use of neuronavigation, which undoubtedly had a positive effect on the results. Studies performed on series using neuronavigation-assisted endoscopy and transfrontal microsurgery will be able to clarify this issue.
█ CONClUSION
With respect to complication rates, stereotactic and endoscopic approaches are both safe and reliable compared to conventional microsurgical approach that has high rates of seizures and neurological deficit. Concerning completeness
